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Abstract 


Consumers’ demand for portable audio/video/ICT products has driven the development of advanced power technologies in recent years. Fuel 
cells are a clean technology with low emissions levels, suitable for operation with renewable fuels and capable, in a next future, of replacing 
conventional power systems meeting the targets of the Kyoto Protocol for a society based on sustainable energy systems. Within such a perspective, 
the objective of the European project MOREPOWER (compact direct methanol fuel cells for portable applications) is the development of a low-cost, 
low temperature, portable direct methanol fuel cell (DMFC; nominal power 250 W) with compact construction and modular design for the potential 
market area of weather stations, medical devices, signal units, gas sensors and security cameras. This investigation is focused on a conceptual study 
of the DMFC system carried out in the Matlab/Simulink® platform: the proposed scheme arrangements lead to a simple equipment architecture 


and a efficient process. 
© 2007 Elsevier B.V. All rights reserved. 
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1. Introduction 


Fuel cells (FCs) are ideal devices to generate electricity from 
either fossil or renewable fuels: they are a clean and efficient 
energy supply system, with low emissions levels, capable, in 
a next future, to replace conventional power systems thereby 
meeting the targets of the Kyoto Protocol on the reduction of EU 
green house gases by 8% in 2008 and even beyond the Kyoto 
deadline of 2010 [1]. The introduction of portable FCs in the 
market will bring considerable advance in this power-supply 
sector [2]. Direct methanol fuel cells (DMFCs) are attractive 
for several applications in view of their lower weight and vol- 
ume compared with indirect FCs. DMFCs are increasingly being 
developed to replace or support batteries, mainly for the high 
energy density of methanol (MeOH) [3]. DMFCs are promising 
candidates as portable power sources because they do not require 
any fuel processing and operate at low temperatures (30-60 °C) 
[4]. The elimination of the fuel processor results in a simpler 
design and operation, higher reliability, lower weight, volume 
and capital/operating costs. Other potential advantages, despite 
the lower performance obtainable compared to PEMFCs, due 
to both MeOH crossover and slow kinetics of the redox reac- 
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tion [5], are (i) the use of a liquid fuel and (ii) the absence of 
complex humidification and thermal management systems as 
required for PEMFCs [2,6]. However, the current component 
developments carried out worldwide is leading to significant 
performance improvements. For instance, DMFC systems with a 
power density up to 200 mW cm~? at 120°C and 120 mW cm~? 
at 80 °C were recently developed by using Pt catalyst and pres- 
surized air at the cathode side [7]. In terms of power density, 
the performance of a DMFC is still significantly lower (about 
30% efficiency at 80°C) compared to a PEMFCs [8]. Moreover, 
more and more attention is being devoted to improve the over- 
all performance of DMFCs thanks to the development of novel 
and low-cost proton exchange membranes with reduced fuel 
crossover through the electrolyte compared to that of currently 
available materials, e.g. Nafion® [9-12]. New electro-catalysts 
are also under development to enhance the low temperature 
MeOH (and ethanol) electro-oxidation activity of the anode [13], 
taking into account that catalyst development for the cathode is 
focusing on enhancing the oxygen reduction activity of platinum 
electro-catalyst and increasing its selectivity to enhance MeOH 
tolerance [14]. 

Within such perspectives, the objective of the European 
project MOREPOWER [15] is to develop a low-cost, low tem- 
perature, portable DMFC, nominal power 250 W, of compact 
construction and modular design for the potential market area of 
weather stations, medical devices, signal units, gas sensors and 
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Nomenclature 

E; air excess 

F Faraday constant (9.6458 x 10* C mol`!) 

Gin/out/reacted inlet/outlet/reacted flow in the stack 
(mol s~!) 

Hreaction reaction enthalpy (J mol” !) 

I current (A) 

Pi vapour pressure (bar) 

Prot total pressure (bar) 

P power (W) 

Qw waste heat (W) 

T temperature (°C) 

V voltage (V) 

Xi liquid molar fraction 

yi vapour molar fraction 

z number of electrons 


security cameras. Based on past conceptual studies and inves- 
tigations of the DMFC system configuration and on modelling 
calculations [16,17], new scheme arrangements were proposed 
leading to a simple equipment architecture and a more efficient 
process, which entails significant economic advantages. 


2. DMFC model description 


The goal of system modelling is the evaluation of heat and 
mass fluxes and pressure drops, for the integration and optimisa- 


«Exhaust ¢ 
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tion of the DMFC components of a complete, lower temperature, 
portable Auxiliary Power Unit capable of producing electricity 
for portable devices of small/medium power (50-500 W). The 
main system components, represented in Fig. 1, are: 


the DMFC; 

the radiator (E-201) to cool the fuel solution downstream the 

DMFC anode; 

the gas-liquid separator (S-201, an atmospheric adiabatic 

flash unit) to dump up the produced CO thereby limiting 

its presence in the anode DMFC feed; 

the catalytic burner (R-401) to burn the residual MeOH 

vapours before releasing the anode exhausts in the atmo- 

sphere; 

the pump (P-201) to feed the fuel solution to the DMFC anode; 

e the MeOH cartridge (V-201) to feed fresh MeOH into the 
system; 

e the water condenser (E-101) to recover and make-up the water 

lost during operation; 

the blower (B-101) to feed the fresh air necessary to the 

cathode reactions. 


The addition of fresh feed solution from the MeOH cartridge 
(V-201) to the exhaust solution is controlled via a MeOH sensor 
(1-201) [18]; the controlled composition feed solution is then 
pumped into the DMFC, where the overall chemical reactions 
between the fuel and air produce power and heat. In Fig. 1 all 
the system sub-components used during the start-up are also 
represented. A small fraction of pure MeOH, taken directly from 
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Fig. 1. MOREPOWER DMFC process scheme. 
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the MeOH cartridge (V-201) via a dedicated pump (P-501), is 
fed to an evaporator (E-501, electrically heated during the initial 
phase of the start-up procedure). The obtained MeOH vapour is 
then burned into a burner (R-501) with fresh air (B-103); the 
produced flue gas is used to heat-up the solution to be fed into 
the DMFC in the start-up heat exchanger (E-502). The direct use 
of MeOH in FCs is in fact considerably attractive from the point 
of view of system design simplicity and hence costs [19]. The 
nominal power demand of such a DMFC power system is 250 W, 
while the minimal and the maximal peak powers are 50 W and 
500 W, respectively. The system was modelled with the software 
Matlab/Simulink®. 

The DMFC system hosts the main electrochemical reactions 
at the anode, where MeOH is electrochemically oxidized to CO» 
according to (1), and at the cathode, where O2 is reduced to H2O 
according to (2); there is also a crossover combustion reaction at 
the cathode, where the permeated MeOH is oxidized according 
to (3). The reaction system was implemented in the software 
platform using the following equations: 


CH30H + H20 —> CO.+6H* + 6e7 (1) 
6H” + (3/2)02 + 6e7 —> 3H20 (2) 
CH30H + (3/2)0) > CO, +2H20 (3) 


The equations for the electric current (4), the electric power 
(5), the overall energy balances (6 and 7) and the vapour-liquid 
equilibrium at the gas-liquid separator (8) were implemented 
into the mathematical model: 


P=IV (4) 
I = z FGreacted 5) 


(Gout Hout) a (Gin Hin) T Qw 


= Greaction AHreaction (balance with reaction) (6) 


(GoutHout) — (Gin Hin) + Qw = O (balance without reaction) 
(7) 


PiXi = Prot Yi (8) 


The AHreaction Were calculated from the heats and free energies 
of formation of the chemical species involved in the reactions 
[20]. Eq. (6) was used for the items where a chemical reaction 
is involved (in the stack and in the afterburner R-401), whereas 
Eq. (7) was employed for the ones where no chemical reaction 
occurs (e.g. in the radiator E-201 and in the gas—liquid separator 
S-201). 

Two main additional aspects were taken into account in the 
proposed DMFC model: 


e the H20 crossover through the DMFC stack membranes, 
accounted for as seven times the MeOH crossover on the 
grounds of experimental evidences; 

e the overall DMFC heat losses. 


Table 1 

Starting data for the simulations 

Anode pressure gauge 1 bar 
Cathode pressure gauge 1 bar 
Ambient temperature 25°C 
Inlet temperature in the stack 60°C 


Cells number 30 or 40 

Cell surface 222 cm? (140 cm x 140 cm) 

Methanol concentration 1M 

Methanol crossover Experimental data from C.N.R.-I.T.A.E. 
Methanol excess 10 times the stoichiometric value 

7 times methanol crossover 

2/5 times the stoichiometric value 

Type A (MORGANE CRAO8) and type 
B (MORGANE N100-40V) by SOLVAY 
SA 

Stoichiometric air combustion 

K graphite = 2.000 W m~! K7! 
(perpendicular to basal layer) and 
Keraphite = 10 W m7! K7! (parallel to 
basal layer) 


Water crossover 
Air excess 
Membrane 


Catalytic burner 
Heat losses into the stack 


The simulations were performed by imposing the conditions 
provided in Table 1, and by calculating, consequently, the sensi- 
bility of flow rates and temperatures in the eight different system 
streams, enlightened by the corresponding numbers in Fig. 1. All 
the simulations were performed at three different power level: 
50-250-500 W. 

Moreover, the simulations were done trying to investigate the 
effects on the whole system behaviour of: 


e two different membrane types in the DMFC stack, given 
by the project partner SOLVAY SA (membrane A: type 
MORGANE CRAO8, a radio-chemically grafted, partially 
fluorinated cation exchange membrane typically used in 
water purification applications, with reduced MeOH per- 
meability compared to Nafion 117°; membrane B: type 
MORGANE N100-V40, a reduced MeOH permeability 
membrane variant respect to the previous one) [21]; the 
voltages accounted for in the model, derived from the exper- 
imental data obtained by the project partner C.N.R.-LT.A.E., 
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Fig. 2. Membrane type A (solid lines) and type B (dotted lines) polarization 


curves as a function of temperature (courtesy of C.N.R.-I.T.A.E., Messina, Italy: 
atmospheric pressure; MeOH = 2 ml min~!, air flow = 350 ml min! J: 
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Table 2 


Experimental MeOH crossover values related to membranes type A and B implemented into the model at T=60°C and p=1 bar (courtesy of C.N.R.-LT.A.E., 


Messina, Italy) 


Membrane type A 


Membrane type B 


2 
2 


Crossover at 0.1 A cm7 
Crossover at 0.2 A cm7 
Crossover at 0.26 A cm~? 


5.5 x 1076 mol min~! cm 
3.3 x 107 mol min! cm 
1.6 x 1076 mol min™! cm 


l om? 4.2 x 1076 mol min”! cm7? 
2.5 x 1076 mol min! cm~? 
1.3 x 107° mol min~! cm~? 


1 —2 
1 —2 


are represented in Fig. 2, so as the crossover data are listed in 
Table 2; 

e the number of cells composing the stack: 30 or 40 cells, 
respectively; 

e the variation in the overall air fed at cathode side (Ea): two or 
five times the stoichiometric value; 

e the presence of thermal insulation material over the entire 
stack (thermal conductivity: K=0.08 W m~! K~! [20]; thick- 
ness: 1 cm). 


3. Results and discussion 


The main results obtained with the simulations are presented 
in Tables 3-5. 


3.1. Simulation results of a 40 cells DMFC stack with 
membrane type A or B, fed with an air excess twice the 
stoichiometric value at three different power demands, with 
and without thermal insulation 


By observing Table 3, the absence of thermal insulation 
generates an undesired effect all over the DMFC stack perfor- 
mance: there is in fact a slight increase of the reactant/products 
flow rates in every single process line. This increase reaches 
up to 8% at the higher power demands for both membrane 
types A and B. However, at lower power demands, such a phe- 
nomenon is almost imperceptible (no more than 1% increase 
compared to the insulated DMFC stack). Moreover, there is 
an evident cooling effect of the stack, especially at the lower 
or nominal power demands (Table 3, process lines A.3/B.3 
at 50W and 250W and A.3 at 500W where the reached 
inlet temperatures are 52.0/49.3 °C, 55.9/55.8 °C and 59.6°C, 
respectively). Under these conditions the DMFC inlet flow can- 
not reach the operating temperature of 60°C, except the case 
of 500 W, membrane type B, where the inlet temperature is 
approximately 61°C (Table 3, 500 W process line B.3). As a 
consequence, if not properly insulated, the DMFC stack would 
not allow self-sustaining operation and the system would shut 
off. Therefore, the radiator E-201 (the heat-exchanger E-502 
works only during the start-up phase) should heat up the stream 
instead of cooling it down. The simulation model calculations 
do not take these extinguishing conditions into account, but 
adjust the temperature of stream 3 to the fixed operative value 
of about 60°C. At higher power demands (i.e. higher flow 
rates circulating into the stack system), this effect decreases 
because the MeOH consumed at the anode side increases, thus 


giving a larger heat production by its combustion at the cath- 
ode side, which partially compensates for the heat lost to the 
environment. 


3.2. Simulation results of a thermally insulated 40 cells 
DMFC stack with membrane type A or B, fed with an air 
excess equal to two or five times the stoichiometric value at 
three different power demands 


Table 4 shows that an increase in the air flow rate fed to the 
cathode side (Ea of five times the stoichiometric values instead 
of two, value normally used in the experimental practice to avoid 
cathode flooding) does not remarkably influence the system per- 
formance in terms of flow rates. With both membranes type A 
and B, the temperature of the process streams 3 decreases neg- 
ligibly when E, increases (see Table 4 process lines A.3/B.3 for 
50/250/500 W and £E, = 5). However, another effect, more diffi- 
cult to properly manage, takes place for both membranes: along 
with the E, increase, the process needs an additional external 
make-up water at low power demands (50 W). By comparing 
in Table 4 the 50 W process streams A.6/B.6 (the water flow 
rate needed to restore the right MeOH concentration to be fed 
into the DMFC) with the process streams A.8/B.8 (water rate 
recovered at cathode outlet, usable as make-up water), one can 
ascertain that the former is higher than the latter. Therefore, 
the recovered water is not sufficient to satisfy the mass bal- 
ances and achieve the steady state condition. In this specific 
case, an external water make-up is thus necessary. However, 
considering the stack performance improvement with Ea, at 
the expenses of the air compressor parasitic power increase, 
an optimisation for the E, value could then be carried out, try- 
ing to avoid both the cathode flooding and an external water 
make-up. 


3.3. Simulation results of a thermally insulated 40 or 30 
cells DMFC stack with membrane type A or B, fed with an 
air excess twice the stoichiometric value at three different 
power demands 


Table 5 shows that, for the two systems, the temperatures 
at the stack outlet (process stream 3) are practically the same. 
Conversely, for both membrane types A and B and for the three 
power ranges, in the case of a DMFC stack composed by 30 
cells, the MeOH and H20 rates are smaller compared to the 
case of 40 cells. This is due to the lower crossover values cor- 
responding to the higher current density of the system with 
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Table 3 


Simulation results (molar rates and T in the process streams) for a 40 cells DMFC stack with membrane types A or B, air excess equal to twice the stoichiometric 


value at three different power demands, with and without thermal insulation 


Membrane and process stream Gmeou (mmol s~!) Gy,o (mmol s7!) Gco, (mmol s7!) T (CC) 
With Without With Without With Without With Without 
50W 
A.l 1.229 1.229 - - — — 25.0 25.0 
B.1 0.964 0.968 - - - - 25.0 25.0 
A.2 12.234 12.243 650.032 650.528 0.156 0.156 60.0 60.0 
B.2 9.602 9.638 510.177 512.098 0.122 0.123 60.0 60.0 
A3 11.011 11.019 642.106 642.603 0.262 0.264 67.9 52.0? 
B.3 8.642 8.674 504.080 506.002 0.226 0.231 67.6 493° 
A4 11.011 11.019 642.106 642.603 0.262 0.264 60.5 61.0 
B.4 8.642 8.674 504.080 506.002 0.226 0.231 60.5 60.5 
A.5 0.005 0.005 0.066 0.067 0.106 0.108 60.5 61.0 
B.5 0.004 0.004 0.057 0.059 0.104 0.108 60.5 60.5 
A.6 - — 7.992 7.992 — - 25.0 25.0 
B.6 - — 6.154 6.155 — — 25.0 25.0 
AT 11.006 11.014 650.032 650.528 0.156 0.156 60.0 60.0 
B.7 8.638 8.670 510.177 512.098 0.122 0.123 60.0 60.0 
A8 - - 9.311 9.312 - - 25.0 25.0 
B.8 - - 7.195 7.200 - 25.0 25.0 
250 W 
A.l 1.768 1.833 - - - — 25.0 25.0 
B.1 1.575 1.731 — - - - 25.0 25.0 
A.2 17.499 18.135 929.759 963.575 0.225 0.233 60.0 60.0 
B.2 15.562 17.088 826.854 907.921 0.200 0.220 60.0 60.0 
A.3 15.749 16.322 922.159 956.014 0.999 1.088 68.4 55.9° 
B.3 14.006 15.379 820.862 901.956 1.017 1.220 68.6 55.8° 
A.4 15.749 16.322 922.159 956.014 0.999 1.088 60.4 60.4 
B.4 14.006 15.379 820.862 901.956 1.017 1.220 60.4 60.4 
A.5 0.018 0.020 0.251 0.273 0.775 0.856 60.4 60.3 
B.5 0.018 0.022 0.255 0.306 0.817 1.000 60.3 60.3 
A6 - - 7.852 7.835 - - 25.0 25.0 
B.6 - - 6.247 6.270 - - 25.0 25.0 
AT 15.731 16.302 929.759 963.575 0.225 0.233 60.0 60.0 
B.7 13.987 15.357 826.854 907.921 0.200 0.220 60.0 60.0 
A8 - - 9.892 9.962 - - 25.0 25.0 
B.8 — — 8.092 8.322 — — 25.0 25.0 
500 W 
A.l 2.560 2.712 — - - - 25.0 25.0 
B.1 2.476 2.958 - - - - 25.0 25.0 
A.2 2.223 26.710 1340.173 1419.167 0.325 0.345 60.0 60.0 
B.2 24.364 29.076 1294.517 1544.864 0.315 0.376 60.0 60.0 
A3 22.701 24.039 1333.049 1412.135 2.081 2.289 69.2 59.6 
B.3 21.927 26.168 1288.681 1539.113 2.185 2.810 69.6 61.1 
A.4 22.701 24.039 1333.049 1412.135 2.081 2.289 60.4 60.4 
B.4 21.927 26.168 1288.681 1539.113 2.185 2.810 60.4 60.4 
A.5 0.038 0.041 0.520 0.572 1.755 1.944 60.3 60.3 
B.5 0.039 0.050 0.545 0.700 1.870 2.434 60.2 60.2 
A6 - - 7.644 7.604 - - 25.0 25.0 
B.6 - — 6.381 6.452 - - 25.0 25.0 
AT 22.663 23.998 1304.173 1419.167 0.325 0.345 60.0 60.0 
B.7 21.888 26.118 1294.517 1544.864 0.315 0.376 60.0 60.0 
A.8 - — 10.743 10.907 — — 25.0 25.0 
B.8 — — 9.417 10.127 - - 25.0 25.0 


à Extinguishing conditions. 


30 cells, the power being the same. The higher current den- 
sity is also responsible for the anodic produced CO2, which 
increases for the stack with 30 cells compared to the 40 cells 
one. As a consequence, the same occurs for the CO7 rate at 


the gas-liquid separator (Fig. 1, S-201); such a rate is higher 
for the 30 cells stack than for the 40 cells one, and it increases 
with the system power (see Table 5, process streams A.5/B.5 
30/40 cells, at any power range). The obtained results are very 
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Table 4 
Simulation results (molar rates and T in the process streams) for a thermally insulated 40 cells DMFC stack with membrane types A or B, air excess equal to two or 
five times the stoichiometric value at three different power demands 


Membrane and process stream Gmeou (mmol s~!) Gu,o (mmol s7!) Gco, (mmol s7!) TCC) 
E,=2 E,=5 E,=2 E,=5 E,=2 E,=5 E,=2 E,=5 
50 W 
A.l 1.228 1.228 - - - - 25.0 25.0 
B.1 0.964 0.964 - - - 25.0 25.0 
A.2 12.234 12.234 650.032 650.038 0.156 0.156 60.0 60.0 
B.2 9.602 9.602 510.177 510.198 0.122 0.122 60.0 60.0 
A.3 11.011 11.011 642.106 642.113 0.262 0.262 67.9 67.7 
B.3 8.642 8.642 504.080 504.101 0.226 0.227 67.6 67.4 
A.4 11.011 11.011 642.106 642.113 0.262 0.262 60.5 60.5 
B.4 8.642 8.642 504.080 504.101 0.226 0.227 60.5 60.5 
A.5 0.005 0.005 0.066 0.066 0.106 0.106 60.5 60.5 
B.5 0.004 0.004 0.057 0.057 0.104 0.104 60.5 60.5 
A6 ~ - 7.992 7.992 - - 25.0 25.0 
B.6 - - 6.154 6.154 - - 25.0 25.0 
A.7 11.006 11.006 650.032 650.038 0.156 0.156 60.0 60.0 
B.7 8.638 8.638 510.177 510.198 0.122 0.122 60.0 60.0 
A8 - - 9.311 7.685 - - 25.0 25.0 
B.8 ~ - 7.195 5.933 — - 25.0 25.0 
250 W 
A.l 1.768 1.769 — - - - 25.0 25.0 
B.1 1.575 1.576 - - - - 25.0 25.0 
A.2 17.499 17.508 929.759 903.233 0.225 0.225 60.0 60.0 
B.2 15.562 15.579 826.854 827.729 0.200 0.200 60.0 60.0 
A.3 15.749 15.757 922.159 922.634 0.999 1.001 68.4 68.3 
B.3 14.006 14.021 820.862 821.738 1.017 1.019 68.6 68.4 
A.4 15.749 15.757 922.159 922.634 0.999 1.001 60.4 60.4 
B.4 14.006 14.021 820.862 821.738 1.017 1.019 60.4 60.4 
AS 0.018 0.018 0.251 0.251 0.775 0.776 60.4 60.4 
B.5 0.018 0.018 0.255 2.256 0.817 0.819 60.3 60.3 
A.6 - - 7.852 7.852 - - 25.0 25.0 
B.6 - - 6.247 6.247 - - 25.0 25.0 
A.7 15.731 15.739 929.759 903.233 0.225 0.225 60.0 60.0 
B.7 13.987 14.003 826.854 827.729 0.200 0.200 60.0 60.0 
A8 - - 9.892 7.999 - - 25.0 25.0 
B.8 - - 8.092 6.499 - - 25.0 25.0 
500 W 
A.l 2.560 2.562 - - - - 25.0 25.0 
B.1 2.476 2.482 - - - - 25.0 25.0 
A.2 25.223 25.246 1340.173 1341.377 0.325 0.326 60.0 60.0 
B.2 24.364 24.421 1294.517 1297.554 0.315 0.316 60.0 60.0 
A.3 22.701 22.721 1333.049 1334.254 2.081 2.084 69.2 69.1 
B.3 21.927 21.979 1288.681 1291.719 2.185 2.192 69.6 69.5 
A.4 22.701 22.721 1333.049 1334.254 2.081 2.084 60.4 60.4 
B4 21.927 21.979 1288.681 1291.719 2.185 2.192 60.4 60.4 
AS 0.038 0.038 0.520 0.521 1.755 1.758 60.3 60.3 
B.5 0.039 0.039 0.545 0.547 1.870 1.877 60.2 60.2 
A6 - - 7.644 7.644 - - 25.0 25.0 
B.6 - - 6.381 6.381 - - 25.0 25.0 
A.7 22.663 22.684 1304.173 1341.377 0.325 0.326 60.0 60.0 
B.7 21.888 21.393 1294.517 1297.554 0.315 0.316 60.0 60.0 
A8 - - 10.743 8.459 - - 25.0 25.0 
B.8 - - 9.417 7.336 - - 25.0 25.0 


interesting: it is indeed possible to work with reduced MeOH are smaller (i.e., membrane type B seems to behave more effi- 
rate and with a most compact system using only 30 cells DMFC ciently). Such a difference, especially related to the fresh MeOH 
stack. These considerations are valid for both membrane types to be fed to the system, decreases when the power demand is 
A and B, but in case of membrane B the reactant flow rates increased. 


466 U.A. Icardi et al. / Journal of Power Sources 176 (2008) 460-467 


Table 5 
Simulation results (molar rates and T in the process streams) for a thermally insulated 40 or 30 cells DMFC stack with membrane types A or B, air excess equal to 
twice the stoichiometric value at three different power demands 


Membrane and process stream Gmeou (mmol s~!) Gy,0 (mmol s7!) Gco, (mmol s7!) TCC) 
40 cells 30 cells 40 cells 30 cells 40 cells 30 cells 40 cells 30 cells 
50 W 
A.l 1.228 0.944 - — — — 25.0 25.0 
B.1 0.964 0.748 — — - - 25.0 25.0 
A.2 12.234 9.401 650.032 499.496 0.156 0.120 60.0 60.0 
B.2 9.602 7.438 510.177 395.218 0.122 0.095 60.0 60.0 
A3 11.011 8.461 642.106 493.566 0.262 0.228 67.9 67.6 
B.3 8.642 6.694 504.080 390.650 0.226 0.201 67.6 67.2 
AA4 11.011 0.004 642.106 493.566 0.262 0.228 60.5 60.5 
B4 8.642 0.004 504.080 390.650 0.226 0.201 60.5 60.5 
ASS 0.005 - 0.066 0.058 0.106 0.108 60.5 60.5 
B.5 0.004 - 0.057 0.051 0.104 0.106 25.0 60.5 
A6 - - 7.992 5.988 - - 25.0 25.0 
B.6 - - 6.154 4.619 - - 25.0 25.0 
A.T 11.006 8.457 650.032 499.496 0.156 0.120 60.0 60.0 
B.7 8.638 6.690 510.177 395.218 0.122 0.093 60.0 60.0 
A.8 — — 9.311 7.008 - - 25.0 25.0 
B.8 - — 7.195 5.432 - - 25.0 25.0 
250 W 
A.l 1.768 1.508 - - - - 25.0 25.0 
B.1 1.575 1.390 — — — — 25.0 25.0 
A.2 17.499 14.898 929.759 791.555 0.225 0.192 60.0 60.0 
B.2 15.562 13.715 826.854 728.713 0.200 0.177 60.0 60.0 
A3 15.749 13.408 922.159 785.963 0.999 0.998 68.4 68.5 
B.3 14.006 12.343 820.862 724.256 1.017 1.034 68.6 68.7 
AA 15.749 13.408 922.159 785.963 0.999 0.998 60.4 60.4 
B4 14.006 12.343 820.862 724.256 1.017 1.034 60.4 60.4 
AS 0.018 0.018 0.251 0.250 0.775 0.806 60.4 60.3 
B.5 0.018 0.019 0.255 0.259 0.817 0.857 60.3 60.3 
A6 - - 7.852 5.841 - - 25.0 25.0 
B.6 - - 6.247 4.716 - - 25.0 25.0 
A.7 15.731 13.390 929.759 791.555 0.225 0.192 60.0 60.0 
B.7 13.987 12.325 826.854 728.713 0.200 0.177 60.0 60.0 
A8 - = 9.892 7.641 - - 25.0 25.0 
B.8 - - 8.092 6.377 - - 25.0 25.0 
500 W 
A.l 2.560 2.409 - - - - 25.0 25.0 
B.1 2.476 2.338 — — - - 25.0 25.0 
A.2 25.223 23.693 1340.173 1258.860 0.325 0.306 60.0 60.0 
B.2 24.364 22.975 1294.517 1200.703 0.315 0.297 60.0 60.0 
A.3 22.701 21.324 1333.049 1253.811 2.081 2.229 69.2 69.8 
B.3 21.927 20.677 1288.681 1216.410 2.185 2.262 69.6 70.0 
A.4 22.701 21.324 1333.049 1253.811 2.081 2.229 60.4 60.4 
B.4 21.927 20.667 1288.681 1216.410 2.185 2.262 60.4 60.3 
A.5 0.038 0.040 0.520 0.556 1.755 1.923 60.3 60.2 
B.5 0.039 0.041 0.545 0.564 1.870 1.956 60.2 60.2 
A.6 — = 7.644 5.605 - - 25.0 25.0 
B.6 - - 6.381 4.857 - - 25.0 25.0 
A.T 22.663 21.284 1304.173 1258.860 0.325 0.306 60.0 60.0 
B.7 21.888 20.637 1294.517 1220.703 0.315 0.297 60.0 60.0 
A.8 — — 10.743 8.584 — — 25.0 25.0 
B.8 — — 9.417 7.771 - — 25.0 25.0 
4. Conclusions and a more efficient process, based on the following obtained 
results: 


A conceptual study of a 250 W nominal power DMFC sys- 
tem was carried out in Matlab/Simulink® platform: the scheme (i) The DMFC system can be operated, with both membrane 
arrangement proposed lead to a simple equipment architecture types A or B, in an self-sustaining way only if properly 
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insulated; if the DMFC is not insulated, the stack with mem- 
brane type A is not thermally self-sustaining (the system is 
an extinguishing one), unless the stack anode feed flow is 
heated at all power ranges. 

(ii) With the DMFC system working with a five times higher 
than stoichiometric air excess at the cathode side, indepen- 
dently of the membrane type, insufficient make-up water is 
recovered from the stack; thus an external water make-up 
is necessary. This problem is avoided if the DMFC sys- 
tem works with twice the stoichiometric air excess at the 
cathode side. 

Gii) The DMFC system can be operated with 30 o 40 cells inde- 
pendently of the membrane type employed. The advantage 
of a 30 cells DMFC stack is, of course, its higher compact- 
ness. 

(iv) Inall the considered cases, with membrane type B, notwith- 
standing its lower conductivity, the system consumes less 
reactants than the one working with membrane type A; 
membrane B entails a more efficient system operation. This 
is also due to the lower MeOH crossover values character- 
ising this type of membrane. 


Therefore, a DMFC composed by a properly insulated 30 cells 
stack, membrane type B fed with an air excess only twice the 
stoichiometric value should guarantee an autonomous opera- 
tion of portable devices, with high compactness and low fuel 
consumption. 
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